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I-Front Formation
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and Ra at Smith Ranch ISR site (note: publicly avail. data
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How Baseline Characterization Should
be Conducted at ISR U Mining Sites

Total elemental concentration is a poor indicator for restoration goal
loavailabpility, mobollity and toxicity.

Thus its essential to carefully characterize the molecular nature and
valence state of key elements in order to predict down gradient transport
of U, Ra, and toxic metal and human health risks in addition to help
determine reasonable restoration goals:

Agqueous Phase
U(Iv/VI), Fe(ll/un), Mn(1I/111/1V), S(-11/V1), As(111/V), Se, N, DOC, bicarbonate

Mineral phases
Fe oxides, Mn oxides, Al oxides, carbonates, sulfates, sulfides, clays

Soil/sediment Characterization

Sand/silt/clay fraction; CEC, AEC, SOM, porosity, surface area, zeta
potential, redox potential, sorption capacity, “reduction capacity”
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Impact of Redox Conditions on Mobility and Toxicity

U(VI) reduction by FeS

aerobic
U(VI) — Toxic, Mobile
As(V) — Less mobile
Fe(lll) — Immobile

U(IV) — Non-toxic, immobile
As(11l) — More mobile

_ Fe(ll) — mobile
anaerobic

Co-precipitation of U

Aim for restoration processes: convert U{VI) to U(IV)

Borch et al,, Biogeochemical Redox Processes and their Impact on Contaminant Dynamics. Environmental Science &
Technology 44, 15-23 (2010).
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Importance of Determining the Biogeochemical
Redox Conditions at ISR U Mining Sites

Here are a few examples of why we need to understand the redox
conditions and element speciation:

Presence of REDUCED mineral phases and dissimilatory metal
reducing bacteria are essential for immobilization of uranium
down gradient (implication for reactive transport modeling and
human health risk assessment)

Formation of molecular-U(1V) instead of uraninite (UO,) will
result in a less stable and more mobile U (implications for
restoration)

Presence of uranyl carbonato complexes can prevent reduction
by sulfide (thermodynamic issue; implications for restoration)
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PHREEQL Interacti
WYersion 3.04.7711
Implements PHREEQC 3.0.4
Releazed: May 13, 2013
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Baseline Characterization Study: Experimental Set-up

Downgradient
(reducing)

c

_ Lbw reductipn potentiol,

2 sites; different mining stages
3 core positions

" pre-mining (upgradient, orezone, downgradient)
" post-mining and post restoration (upgradient, orezone,
downgradient)
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Biogeochemistry: Experimental Approach

. HF digests of solids to determine the total elemental concentrations using
ICP-MS and ICP-OES

. Colorimetric analysis of Fe speciation (Fe(ll), Fe(lll), Fe,,..))

. Aqueous speciation (valence states; redox couples); e.g., U(VI) vs U(IV) or
As(I11) vs As(V) or sulfide / sulfate ratio, etc

. Synchrotron X-ray Absorption Spectroscopy (EXAFS and XANES) to
determine bulk mineralogy and speciation (valence state)

. Synchrotron micro-XAS and micro-XRF imaging to determine
elements/minerals responsible for sorption/reduction of U etc.

. Pyrosequencing to determine microbial communities with potential for

metal and U immobilization
18
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Study Site: Highlands-Smith
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Sample collection and handling in the field

c. Splitting the core into 1 ft
a. Intact core b. Measuring 1 ft sections  gactions

d. Saving sample for
“microbiology” work in sterile
tubes

e. Preserving each section in

f. Vacuum packing the cores .
a vacuum sealed bag on ice
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Heterogeneity makes site characterization
challenging (how many replicates are needed)

,_ 4 _
Homogenized samples stored in sealed Splitting open the core inside the
serum bottles for experiments anaerobic glove bag
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U speciation in solids: Synchrotron X-ray
absorption spectroscopy

Element-specific

Oxidation states (U(1V) vs U(VI))

Coordination environment (identity, distance and number of the ligand
atoms to the central atom)

Ratios of U species present

Minimal sample preparation

Beamline 11-2 at the Stanford
Synchrotron Radiation Lightsource Uranium XANES spectra
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Presence of U(IV) and U(VI) species:
Synchrotron U-EXAFS and XANES

Pre-mining

| Molecular U(IV)
Bio UO, [U(IV)]
Bl U(VI) adsorbed on Fe-oxides

=3 oo
== =

% of U species
F -3
=

* Bio UO, dominates in
most zones
upgradient orezone downg ® mo'ecu'ar U(IV) present

N
Q

=

Post-mining and Post-restored in the orezone
e U(VI) mostly as adsorbed
onto Fe-oxides

% of U species

upgradient orezone downgradient
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Bio-molecular UO,

S B

Barger Elements 2009, Schofield EST 2008

* |nterfacial chemistry of biogenic uraninite
(‘non-uranite’) is much different

* Differing reoxidation pathways and
transformation processes, especially in silicate
and gypsum (calcium sulfate) matrix
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micro-XANES U imaging data

XANES of Soils

(Bio UO2= 80%, U adsorbed on Fhy=20%)

(Bio UO2= 83%, U adsorbed on Fhy=17%)

(Bio UO2= 78%, U adsorbed on Fhy=22%)

(Bio UO2= 36.7%, U adsorbed on Fhy=63.3%)

(Bio UO2= 78.6%, U adsorbed on Fhy=21.4%)

17000 17200 17400
Energy
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Geochemical Modeling

UiV Concentration [M]
Baturation [} 0.0 0.25 0.45 0.565 0.85

600
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Figure courtesy PNNL gov
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URFACE SPECIES
c_ssCOH = Go_ss0H

s 530H + T02+2 = Go s3s50U0Z+ + H+

C s2C0H + H20 + TOZ+2 = Go ss50U0CZCH + ZH+
Go s0H
UO2+Z2 = Go s0UCZ+ + Ht
HZ2Q + D0Z2+2 = Go sQUOZ0H +
GC_wCH
U0Z2+3 = Go wOUDZ+ + H+

H20 + UCZ+2 Go wOUDZ0H +

CHOUL OF MINES
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Human Health Risk Assessment

e Similar model to that used
for Yucca Mountain

* Adapted for local conditions
and agricultural products;

e 3 cases considered:

— High Exposure: subsistence
farmer with no remediation
technology

— Middle Exposure: rancher
with no remediation %
teChnO|Ogy “&"Z; o E){tvr‘n@‘i

— Low Exposure: rancher with e — pposure
remediation technology

Irrigation
{crops)

Drinking

Livestock

Pathways of exposure for high-exposure case.
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Baseline Characterization is Needed at
Every New ISR U Mining Site

nith

* Geology (e.g., sediment types; high V, variable Fe down-gradient —
> 500-2500 ppm, ‘unpreserved’ cores)

Water chemistry (e.g., high sulfate and bicarb)
Microbial community influences?
Influences of biogenic U(IV)?

Potential ‘oxidized’ down-gradient zones, and subsequent natural
attenuation capacities?

Restoration strategy needs to be developed based on detailed
baseline characterization — in order to protect the public, and help
Power-Tech, and EPA develop scientifically sound restoration goals.

e The CSU/SDSMT-Cameco project is a good example of how to
develop best management strategies for ISR U mining (and a
positive collaboration between academia and industry).

ED_0053641_00038204-00038



R B Y T R S rE

g

f Tt D e PaE
LA

" Chilson Solid-Phase
Oxidation Front

o

Wyoiming

South Dakots

Hetwaska

Legend

-«
BB reengruntiantos

Wiscle Pls ol tied s

6B Heooms Enrah SBH887
A Burssered ans Mssagormert L1
B a0 ronctwa mubib Laniz

R
Tewey Rant

R Domedtz
s bl
Huriactngflect Wl

0w N

Spenar Ranidenss < Evisrgad Dotsy

From Powertech NRC
Permit Application

3

Powanmich ¢

ED_0053641_00038204-00039



sl L LA

Jim Stone
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